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ABSTRACT 

This r e p o r t  p r e s e n t s  the standard p red ic t ed  t r a j e c t o r y  f o r  Sa tu rn  I 
v e h i c l e  SA-6 t o  be flown over the A t l a n t i c  Missile Range. D i spe r s ion  
r e s u l t s  from 2-0 p e r t u r b a t i o n s  and impact d i s p e r s i o n  of t he  r ecove rab le  
camera capsu le s  and launch escape system a r e  a l s o  presented.  The t r a -  
j e c t o r y  shaping and a b r i e f  veh ic l e  c o n f i g u r a t i o n  d e s c r i p t i o n  a r e  
provided. A nominal t r a j e c t o r y  w i l l  i n s e r t  the S-IV s t a g e  and payload 
i n t o  a n e a r - c i r c u l a r  o r b i t  w i th  a pe r igee  and apogee of '  183.1 km and 
229.4 km, r e s p e c t i v e l y .  This o r b i t  has a nominal l i f e t i m e  of 4.8 days. 
This  t r a j e c t o r y  i s  based on m a s s  and p ropu l s ion  d a t a  provided by P&VE 
Laboratory.  SA-6 w i l l  be the  f i r s t  Block I1 v e h i c l e  t o  be flown wi th  
c losed  loop guidance du r ing  t h e  burn of  t he  S-IV s t age .  This t r a j e c t o r y  
assumes the  Fischer  E l l i p s o i d  of 1960 as the  r e f e r e n c e  e l l i p s o i d . .  
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Technical Memorandum X-53031 

SA-6 PREDICTED STANDARD TRAJECTORY AND DISPERSION ANALYSIS 

By J. L. C r a f t s  

(C) SUMMARY 

The Sa tu rn  I v e h i c l e  SA-6 w i l l  be  t h e  second Block I1 v e h i c l e  t o  
b e  flown. The primary missions of t h e  f l i g h t  w i l l  be  t o  t es t  t h e  S - I ,  
S - I V  propuls ion,  s t r u c t u r e ,  guidance and c o n t r o l  systems, and s e p a r a t i o n  
sequence. 

The p i t c h  tilt program is biased t o  create an a n g l e - o f - a t t a c k  of 
approximately 4 "  during t h e  high dynamic p res su re  r eg ion .  The p i t c h  
a t t i t u d e  command i s  p r e s e t  i n  the f i r s t  s t a g e  by means of a cont inu-  
ous ly  r o t a t i n g  cam device.  Closed loop guidance w i l l  b e  implemented 
i n  t h e  second s t a g e  of t h i s  f l i g h t .  

It i s  p r e d i c t e d  t h a t  inboard engine c u t - o f f  w i l l  occur a t  140.07 
seconds a f t e r  f i r s t  motion, and outboard engine cu t -o f f  a t  146.07 seconds 
a f t e r  f i r s t  motion. The v e h i c l e  w i l l  be  a t  an  a l t i t u d e  of 70 km where 
a s i n g l e  plane s e p a r a t i o n  between t h e  S - I  and S-IV s t a g e s  w i l l  occur.  
The S- IV  s t a g e  w i l l  i g n i t e  and burn cont inuously u n t i l  approximately 
627.6 seconds a f t e r  f i r s t  motion, a t  which t i m e  t h e  S- IV  s t a g e  and pay- 
load w i l l  be i n j e c t e d  i n t o  an o r b i t  having pe r igee  and apogee a l t i t u d e s  
of 1 8 3 . 1  and 229.4 km, r e s p e c t i v e l y .  

A 2 0 d i s p e r s i o n  s tudy  generated around t h e  nominal t r a j e c t o r y  pro- 
v ides  gene ra l  performance behavior of t h e  two l i v e  s t a g e s .  These 
d i s p e r s i o n s  r e s u l t  i n  a maximum l i f e t i m e  of 5 . 1  days and a minimum 
l i f e t i m e  of 4.5 days (no t  consider ing p r e d i c t i o n  u n c e r t a i n t i e s ) .  

The impac t  coo rd ina te s  of the camera capsu le s  f o r  nominal and d i s -  
t u rbed  f i r s t  s t a g e  f l i g h t  condi t ions are  determined. The nominal 
impact occurs a t  approximately 26.3 degrees n o r t h  geode t i c  l a t i t u d e  and 
72.8 degrees w e s t  l ong i tude ,  which i s  805 km downrange. Two-sigma 
d i s tu rbances  i n  t h e  f i r s t  s t a g e  performance r e s u l t  i n  a f l i g h t  plane 
impact range d i s p e r s i o n  of 2 30.5 km and a c r o s s  range impact d i s -  
pe r s ion  of approximately f 6 km. An engine-out f a i l u r e  can s h o r t e n  t h e  
impact range by as much a s  236 km. 
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Paraballoon deployment occurs a t  an  a l t i t u d e  of 4 .3  km. Under t h e  
in f luence  of a 2 a w i n d , t h e  capsules  can d e v i a t e  an a d d i t i o n a l  2.5 km. 

The impact coord ina te s  of t h e  Launch Escape System f o r  t h e  nominal 
The and d i s tu rbed  f i r s t  s t a g e  f l i g h t  cond i t ions  are given i n  Figure 9 .  

nominal impact occurs  a t  approximately 26.07 degrees n o r t h  geode t i c  
l a t i t u d e  and 72.09 degrees w e s t  l ong i tude ,  which is 881 km downrange. 
The two sigma d i s tu rbances  i n  t h e  f i r s t  s t a g e  performance r e s u l t  i n  a 
f l i g h t  plane impact range d i s p e r s i o n  of f 30 km and a c r o s s  range impact 
d i s p e r s i o n  of approximately 2 3 km. 

(C) INTRODUCTION 

The SA-6 v e h i c l e  c o n s i s t s  of t h e  S - I  and S-IV l ive s t a g e s ,  an i n t e r -  
s t a g e ,  an instrument u n i t ,  and a b o i l e r p l a t e  c o n f i g u r a t i o n  of t h e  Apollo 
s p a c e c r a f t  as a payload (see Figure 1). 

The S - I  s t a g e  propuls ion system c o n f i g u r a t i o n  i s  g e n e r a l l y  t h e  same 
as i n  Block I ,  b u t  t h e  LOX and f u e l  c e l l  lengths  have been extended t o  
provide an increased tankage c a p a b i l i t y .  
H - 1  engines i n  t h i s  s t a g e  a r e  uprated t o  a nominal sea level t h r u s t  of 
836,300 newtons (188,000 l b f )  each. Aerodynamic s t a b i l i z i n g  f i n s  w i l l  
b e  mounted on t h e  a f t  end of t h e  f i r s t  s t a g e .  

For t h e  Block I1 tes ts  t h e  

The S-IV second s t a g e  i s  a l iquid-hydrogen l iquid-oxygen p ropu l s ion  
system, generat ing t h r u s t  through s i x  c o n c e n t r i c a l l y  l o c a t e d  RL-1OA3 
eng ines ,  each r a t e d  a t  66,700 newtons (15,000 l b f )  vacuiim t h r u s t .  A 
s i n g l e  plane s e p a r a t i o n  mode w i l l  be  employed. 
l oca t ed  j u s t  forward of t h e  S- IV  s t a g e  and a f t  of t h e  payload. 
b o i l e r p l a t e  Apollo c o n f i g u r a t i o n  w i l l  be  employed f o r  t h i s  f l i g h t .  

The in s t rumen t  u n i t  i s  
The 

The SA-6 v e h i c l e  i s  scheduled t o  be launched i n  May from t h e  
A t l a n t i c  Miss i l e  Range F a c i l i t i e s ,  Complex 3 7 ,  Pad B.  P r i o r  t o  t i l t i n g ,  
t h e  v e h i c l e  w i l l  execute  a 15 degree r o l l  maneuver s o  as t o  become 
a l igned  wi th  t h e  105 degree East of North f l i g h t  azimuth. 
s t a g e  p i t c h  t i l t  program i s  b i a s e d  t o  create a 4 degree a n g l e - o f - a t t a c k  
during t h e  high dynamic p res su re  r eg ion .  
implemented i n  t h e  second s t a g e  f o r  t h e  f i r s t  t i m e .  The second s t a g e  
s t e e r i n g  equation and t h e  a s s o c i a t e d  c o e f f i c i e n t s  are presented i n  
Table 16. The S-IV s t a g e  t h r u s t  w i l l  be  terminated when space - f ixed  
v e l o c i t y  reaches 7805.95 m/sec. 

The boos t  

Closed loop guidance w i l l  be  

Pe r tu rba t ions  r e s u l t i n g  from est imated 2 0 v a r i a t i o n s  i n  mass, 
s p e c i f i c  i m p u l s e ,  flow r a t e ,  atmospheric parameters ,  wind, and second 
s t a g e  p rope l l an t  loading are app l i ed  t o  t h e  s t anda rd  t r a j e c t o r y  f l i g h t  
plane.  The corresponding d i s p e r s i o n s  a r e  root-sum-squared p o s i t i v e l y ,  
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n e g a t i v e l y ,  and t o t a l l y  so  t h a t  a r easonab le  performance envelope about 
t h e  p red ic t ed  s t anda rd  can be defined. 

SA-6 w i l l  have 8 r ecove rab le  camera capsules  mounted on t h e  frustum 
of t h e  S-I/S-IV i n t e r s t a g e  t o  monitor t h e  s e p a r a t i o n  sequence and t h e  
i n s i d e  of two LOX tanks during f l i g h t .  The camera c a p s u l e s  w i l l  b e  
e j e c t e d  25 seconds a f t e r  s epa ra t ion  a t  an ang le  of 20" t o  t h e  S - I  
c e n t e r  l i n e  wi th  a v e l o c i t y  of 8 meters p e r  second r e l a t i v e  t o  t h e  S - I  
s t a g e .  Upon e j e c t i o n ,  f l a p s  on the a f t  end of t h e  capsu le  w i l l  extend 
f o r  s t a b i l i t y  during r e - e n t r y .  The capsules  w i l l  follow a b a l l i s t i c  
p a t h  t o  an a l t i t u d e  of approximately 4.3 k m  where t h e  f l a p  assembly 
w i l l  be  e j e c t e d  and parabal loons w i l l  be  deployed. 
capsu le  i s  given i n  Figure 5.  

A schematic of t h e  

The d i s p e r s i o n  caused by 20  pe r tu rba t ions  and engine-out cond i t ions  
i s  shown i n  Figures  7 and 8 r e s p e c t i v e l y .  

The LES w i l l  b e  j e t t i s o n e d  10.3 seconds a f t e r  S-IV mainstage 
i g n i t i o n .  One s o l i d  p r o p e l l a n t  engine w i t h  an  impulse of 155,700 N- 
sec w i l l  burn f o r  approximately 1.3 seconds t o  p u l l  t h e  LES away from 
t h e  S-IV mainstage.  The d i spe r s ion  caused by 2 0  p e r t u r b a t i o n s  i s  p re -  
s e n t e d  i n  Figure 9 .  

( C )  DESCRIPTION 

The SA-6 t r a j e c t o r y  i s  shaped t o  c r e a t e  a 4 degree ang le -o f -a t t ack  
during t h e  per iod of h ighes t  dynamic p res su re  i n  o rde r  t o  e v a l u a t e  con- 
t r o l  f o r c e s ,  f i n  loads ,  and e s t a b l i s h  s t a b i l i t y  r a t i o s  more a c c u r a t e l y  
t h a n  was p o s s i b l e  on SA-5. I n  order not  t o  exceed an ang le -o f -a t t ack  
l i m i t  of  5.5 degrees ,  a headwind l i m i t  of 27 m/sec must b e  enforced.  
The p r o b a b i l i t y  of t h i s  l i m i t  not  being exceeded i n  May o r  June i s  99.8% 
according t o  R-AERO-Y. 

The s t anda rd  f l i g h t  p r o f i l e  i s  based upon nominal o p e r a t i o n  o f  a l l  
v e h i c l e  and f l i g h t  suppor t ing  components, w i th  t h e  excep t ion  of t h e  
S-IV s t a g e  p r o p e l l a n t  u t i l i z a t i o n  system. 753.4 kg (1,661 lbm) of 
b a l l a s t  w a s  removed from t h e  payload assembly t o  a s s u r e  t h a t  enough 
p r o p e l l a n t  w i l l  be  l e f t  i n  t h e  S-IV s t a g e  t o  t a k e  care of any 2 0  d i s -  
turbance which might occur.  The t o t a l  p r o p e l l a n t  consumed during S-IV 
mainstage and t h r u s t  bui ldup is 45,092 kg (99,411 lbm). 

P r i o r  t o  t h e  programed p i t c h  t i l t i n g ,  t h e  v e h i c l e  w i l l  execute  a 
r o l l  maneuver from t h e  90 degree (East of North) l i f t - o f f  azimuth t o  
t h e  105 degree f l i g h t  azimuth. The nominal r o l l  r a t e  i s  3 deg rees /  
second (Reference 2) .  
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The veh ic l e  p i t c h  program i s  r e fe renced  t o  a s p a c - - f i x e d  v e r t i c a l  
def ined  a t  the i n s t a n t  of launch. 
a x i s  normal to  a space- f ixed  plane con ta in ing  t h e  r e f e r e n c e  l i n e  and 
t h e  down-range d i r e c t i o n  a t  launch. 
command presented i n  Table 15 i s  a func t ion  of t ime from l i f t - o f f  and i s  
p r e s e t  i n t o  the  v e h i c l e  by a cont inuous ly  r o t a t i n g  cam dev ice .  
second s t a g e  w i l l  use  c losed  loop guidance. 
t h e  a s soc ia t ed  c o e f f i c i e n t s  a r e  g iven  i n  Table 16. 

P i t c h  t i l t i n g  takes  p l a c e  about  an 

The f i r s t  s t a g e  p i t c h  a t t i t u d e  

The 
The s t e e r i n g  equat ion  and 

The launch date f o r  SA-6 i s  dur ing  t h e  month of May. This p i t c h  
tilt program can be used through t h e  month of September (low wind months).  

A t ilt  a r r e s t  ang le  of 67 degrees  i s  programmed a t  134 seconds 
a f t e r  l i f t - o f f  t o  ensure  ample damping t i m e  f o r  va r ious  s l o s h i n g  and 
t r a n s i e n t  motions i n  o rde r  t o  avoid premature cu t -o f f  and s e p a r a t i o n  
sequencing. 

Af te r  s epa ra t ion ,  tilt a r r e s t  i s  cont inued u n t i l  164.07 seconds 
a f t e r  l i f t - o f f ,  a l lowing ample t i m e  f o r  t h e  LES tower and u l l a g e  cas ings  
t o  be j e t t i s o n e d .  Closed loop guidance i s  then  implemented, d i r e c t i n g  
t h e  S-Iy s t age  along t h e  optimum pa th  t o  c u t - o f f .  

The complete powered f l i g h t  tilt program i s  presented  g r a p h i c a l l y  
i n  F igure  2 and i n  d e t a i l e d  t a b u l a r  form i n  Table 15. 
powered f l i g h t  p r o f i l e  i s  presented  i n  F igure  3 .  
events  i s  given i n  Table 1. 

The nominal 
A sequence of major 

In t roduc t ion  of es t imated  20magni tude  p e r t u r b a t i o n s  t o  t h e  f i r s t  
and second s t a g e  t r a j e c t o r i e s  provides  t h e  d i s p e r s i o n  r e s u l t s  presented  
i n  Tables 7A through 14C. 
c a t i o n  a r e  as fol lows.  

These p e r t u r b a t i o n s  and methods of a p p l i -  

F i r s t  Stane Var i a t ions :  

(1) Nominal L i f t - o f f  Mass + 2268 kg (f 5,000 lbm) 
(2 )  t 1% S p e c i f i c  Impulse Tappl ied  as k 1% t h r u s t )  
( 3 )  f 1% Flow Rate 
( 4 )  t 2 aAtmospheric Densi ty  Var i a t ion  
( 5 )  t 2 a Ambient P res su re  Var i a t ion  
( 6 )  5 2 a F l i g h t  Plane Winds (F igure  4 )  
( 7 )  2 URight and L e f t  Cross Winds 

The d e n s i t y  and ambient p re s su re  v a r i a t i o n s  a r e  of t h e  form s e t  f o r t h  
i n  Reference 3 and presented  here :  

= p ( 1 + & ) ;  LIP = t f i  ( e  by ) 

= P(I + L I P ) ;  AP = 6 (eb') 
var  

'var 
where a = 100 (2 o c a s e ) ;  b = 0.01842 km-l; y = a l t i t u d e  i n  km 
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I n  a l l  f i r s t  s t a g e  v a r i a t i o n s ,  t he  S- IV s t a g e  i s  assumed t o  perform 
nominally (as  i n  t h e  s t anda rd )  a f t e r  s e p a r a t i o n  from t h e  S-I s t a g e .  

Second Stage  Var i a t ions :  

( 1 )  Nominal L i f t - o f f  Mass 2 136 kg ( +  300 lbm) 
(2)  + .5% S p e c i f i c  Impulse (appl ied  a s  & .5% t h r u s t )  
( 3 )  k .5% Flow Rate 
(4 )  Nomina1 P rope l l an t  Loading & 453.6 kg (k 1,000 lbm) 

The S - I  s t a g e  i s  assumed to ,per form nominal ly ,  w i t h  only t h e  S- IV  pro- 
p e l l a n t  loading  v a r i a t i o n  (+  2a)  r e f l e c t i n g  back i n t o  t h e  f i r s t  s t a g e  
v e h i c l e  l i f t - o f f  mass. Ef fec t  on S - I  s t a g e  performance of t h e  136 kg 
(300 lbm) S-IV dry  mass v a r i a t i o n  w a s  neglec ted .  

The root-sum-squares of  t h e  v a r i a b l e s  a r e  obta ined  i n  t h e  fol lowing 
manner : 

P o s i t i v e  RSS = + 7 C ( + A P )  
2 Negative RSS = + dC(- A P )  

P o s i t i v e  RSS + Negative RSS 
2 RSS = 

Where A P  = ( v a r i a t i o n  value) - ( s t anda rd  va lue )  

The r ecove rab le  camera capsule c o n s i s t s  of an aluminum s h e l l ,  t h e  
camera, a qua r t z  window, r e -en t ry  equipment, and recovery a i d s .  The 
q u a r t z  window i s  he ld  i n  p l ace  by a s t a i n l e s s  s t e e l  r e t a i n e r  r i n g .  
O-rings prevent  water  leakage around t h e  window a f t e r  impact.  I n t e r n a l  
capsu le  tempera ture  i s  maintained a t  an accep tab le  l e v e l  by an inne r  
l i n i n g  of l i g h t  weight i n s u l a t i n g  material. Tef lon  s e a l s  i s o l a t e  t h e  
qua r t z  window. The capsule  s h e l l  is  waterproofed t o  wi ths tand  s a l t  
water immersion. 

The capsu le  i s  7.75 inches in diameter  and has a mass of approxi-  
mately 25.4 kg (56 lbm). 

The LES i s  approximately 25.9 inches  i n  diameter  and has a mass 
of approximately 2,992 kg. It  i s  j e t t i s o n e d  10.3 seconds a f t e r  S-IV 
mainstage i g n i t i o n  by one s o l i d  p rope l l an t  engine: . It i s  canted  
2.5" w i t h  t h e  v e h i c l e  c e n t e r l i n e ,  b u t  i t s  nozz les  a r e  canted i n  such  
a way t o  cause  t h e  .155,700 N-SeC impulse t o  a c t  p a r a l l e l  t o  t h e  
c e n t e r  l i n e .  
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(C) RESULTS 

The predicted s t anda rd  powered f l i g h t  t r a j e c t o r y  t e rmina te s  w i t h  
t h e  unseparated spen t  S - I V  s t a g e  and payload being i n s e r t e d  i n t o  an 
o r b i t  having t h e  following elements:  

A l t i t u d e  of Per igee 
Al t i t ude  of Apogee 
Semi-Maj or Axis 
E c c e n t r i c i t y  
I n c l i n a t i o n  
Longitude of Ascending 
Argument of Per igee 
Period 
T i m e  of Apogee 

183.12 km 
229.36 km 

6,579.24 km 
.0035 

31.77 deg 
Node 158.89 deg 

99.96 deg 
88.5 min 
43.9 min from l i f t - o f f  

The nominal l i f e t i m e  i n  o r b i t  as given by R-AERO-FO i s  4.8 days.  

A d e t a i l e d  p r e s e n t a t i o n  of t h e  p r e d i c t e d  t r a j e c t o r y  parameters i s  
presented i n  Tables 2A through 6C. The t r a j e c t o r y  w i t h  s i g n i f i c a n t  
t i m e  points  denoted i s  p resen ted  i n  f i v e  s e c t i o n s .  They are:  (1) S - I  
s t a g e  boost f l i g h t ;  ( 2 )  S - I V  s t a g e  u l l a g e  rocke t  o p e r a t i o n  a f t e r  
s e p a r a t i o n  b u t  p r i o r  t o  mainstage i g n i t i o n ;  (3)  S-IV mainstage 
ope ra t ion ;  (4) S - I  s t a g e  r e t r o - r o c k e t  o p e r a t i o n  a f t e r  s e p a r a t i o n ;  
and ( 5 )  S - I  s t a g e  b a l l i s t i c  f l i g h t  t o  impact. 

The d i spe r s ion  r e s u l t s  a r e  p re sen ted  i n  Tables 7A through 14C t o  
c a t e g o r i z e  f o r  t h i s  s p e c i f i c  mission t h e  performance behavior  of t h e  
two l i v e  s t ages  o f  t h e  Sa tu rn  I v e h i c l e .  

The camera capsu le  impacts due t o  2 0 p e r t u r b a t i o n s  i n  t h e  f i r s t  
s t a g e  are given i n  Figure 7 .  
of ? 30.5 km and a c r o s s  range d i s p e r s i o n  of approximately ? 6 km. An 
engine-out f a i l u r e  can s h o r t e n  t h e  impact range by as much as 236 km. 
These d a t a  a r e  presented i n  Figure 8 .  Under t h e  i n f l u e n c e  of a 2 0 

wind, t h e  capsule can d e v i a t e  approximately 2.5 km a f t e r  parabaloon 
deployment. Veloci ty  increment a t  e j e c t i o n  and t h e  p o s s i b l e  d e v i a t i o n  
a f t e r  paraballoon deployment can cause a l a t e r a l  displacement around 
each of the impact p o i n t s  of approximately ? 4.7 km. The capsu le  from 
t h e  nominal t r a j e c t o r y  w i l l  impact a t  26.3177 degrees n o r t h  g e o d e t i c  
l a t i t u d e  and 72.8072 degrees w e s t  l ong i tude .  This p o i n t  i s  805 km 
downrange. 
manner t o  those on SA-5. Seven out  of e i g h t  capsu le s  on SA-5 were 
recovered i n  an  a r e a  cen te red  915 km downrange from t h e  launch s i t e ,  
2 2  km beyond t h e  planned impact p o i n t .  
northward from t h e  f l i g h t  l i n e  b u t  had d r i f t e d  w i t h i n  3.7 km a t  t h e  time 
of recovery.  

These r e s u l t  in a f l i g h t  plane d i s p e r s i o n  

These p red ic t ed  impact p o i n t s  were de r ived  i n  a s i m i l a r  

The p a t t e r n  was d i s p l a c e d  13 km 



I -  

The LES i m p a c t s  due t o  2 0  per tu rba t ions  i n  t h e  f i r s t  s t a g e  are  
g iven  i n  Figure 9.  
approximately 2 30 km and a c r o s s  range d i s p e r s i o n  of approximately 
k 3 km. The impact coord ina te s  from t h e  nominal t r a j e c t o r y  a r e  26.07 
deg n o r t h  geode t i c  l a t i t u d e  and 72.09 degrees w e s t  l ong i tude  and 881 
km downrange. 

These r e s u l t  i n  a f l i g h t  plane d i s p e r s i o n  of 
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F l igh t  
T i m e  

(set> 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

TABLE 15 

FIRST STAGE PITCH TILT PROGRAM FOR SATURN I VEHICLE SA-6 

x 
(d eg ) 9: 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.48 
1.09 
1.74 
2.39 
3.27 
4.15 
4.99 
5.69 
6.39 
7.19 
7.99 
8.87 
9.75 

10.71 
11.66 
12.69 
13.72 
14.82 
15.92 
17.08 
18.23 

Fl ight  
T i m e  

(see> 

37 
38 
39 
40 
4 1  
42 
43 
44 
45 
46 
47 
48 
49 
50 
5 1  
52 
53  
54 
55 
56 
57 
58 
59 
60 
6 1  
62 
63 
64 
65 
66 
67 
68 
69 
70 
7 1  
72 
7 3  

X 
(deg)+: 

19.44 
20.30 
20.88 
21.35 
21.82 
22.15 
22.60 
23.05 
23.55 
24.00 
24.45 
24.85 
25.10 
25.55 
25.95 
26.15 
26.55 
26.99 
27.40 
27.82 
28.23 
28.64 
28.96 
29.29 
29.56 
29.84 
30.10 
30.37 
30.62 
30.87 
31.11 
31.35 
31.57 
31.80 
32.33 
32.86 
33 -53 

F l i g h t  
T i m e  

(see> 

74 
75 
76 
77 
7 8  
79 
80 
81 
82  
83 
84 
85 
86 
87 
88 
89 
90 
9 1  
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
3.06 
107 
108 
109 
110 

X 
(deg);: 

34.20 
34.85 
35.51 
36.15 
36.79 
37.42 
38.04 
38.65 
39.26 
39.86 
40.45 
41.03 
41.61 
42.28 
42.94 
43.68 
44.41 
45.12 
45.83 
46.51 
47.19 
47.84 
48.49 
49.12 
49.75 
50.35 
50.95 
51.44 
51.94 
52.43 
52.92 
53.42 
53.91 
54.40 
54.90 
55.39 
55.88 

F l i g h t  
T i m e  

(see> 

111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
13 1 
132 
133 
134 

X 
(deg)+: 

56.38 
56.87 
57.36 
57.86 
58.35 
58.84 
59.34 
59 -83 
60.32 
60.82 
61.31 
61.80 
62.30 
62.79 
63.28 
63.78 
64.27 
64.76 
65.26 
65.75 
66.17 
66.60 
66.85 
67.c0 

C H I  ARREST 

$:Measured space-f ixed from launch v e r t i c a l  (Reference l o ) .  
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TABLE 16 

SECOND STAGE STEERING EQUATION* 

Xp = A1 + A2x + A y + A k + A  9 + A - F + A  T + A8xy + A f y  + A I O f  2 
3 4 5 6 m  7 9 

+ Allx? + A12yj' + A13Y f + A14(;) F 2  + A f T  + A16T 2 + A17X 3 + A1gXY 2 
15 

2 + A20y 2 F  ; + A yg + A x$ - F + A23fq ;;; F + A ?(-) F 2  + A 2 5 ~  2 T 
2 1  m 22 m 24 m + A19Y;;' 

+ A 2 6 ~  2 T + A 2 7 ~ f T  + A28fjrT + A 2 - F T + A (-) F 2  T + A XT 2 + A32fT 2 
29 m 30 m 31 

n L + A33qT . 

VARIABLE 

A1 

A2 

A3 

A4 

A5 

A7 

A9 

A 1 O  

A1 1 

A12 

A6 

A8 

A13 

A14 

A15 

A1 6 

A1 7 

COEFFICIENT 

-.38819016 X lof2 

.36608441 X 

-.50399775 X 

-.65673288 X 10" 

.78848666 X 10" 

.78960371 X 

.96218603 X 10' 

.49583253 X lo" 

.19192036 X 

.lo608304 X 

-.71545723 X 

.15238895 X 

.36148663 X 

-.55735608 X 10-1 

-.18185596 X 

-.13521339 X 

-.lo493679 X 

VARIABLE 

A18 

A19 

A20 

A21 

A22 

A2 3 

A24 

A25 

A26 

A2 7 

8 

A29 

A3 0 

A3 1 

A3 2 

A33 

~ ~~ 

COEFFICIENT 

-23911714 X 

-.28013517 X lo-" 

.58251509 X 1 O - I '  

- .66542957 X lo-' 

-.26290587 X lo-' 

-.lo951379 X 

.22721801 X 

.go608805 X 

-.13793533 X 

-.14992977 X lo-' 

.79442788 X 

-.15858595 X 

.28478054 X 

.33341993 X lo-' 

.19609307 X 

.25250709 X 

The S-IV s t a g e  t h r u s t  w i l l  b e  terminated when space- f ixed  v e l o c i t y  
reaches  7805.95 mlsec.  

ikReferences 8 and 9 
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FROM Chief, Flight Mechanics Branch 

R-AERO-FM 

SUBJECT Addendum t o  Technical Memorandum X-53031 , "SA-6 Predicted Standard 
Trajectory and Dispersion Analysis," A p r i l  6, 1964, (C) 

REFERENCES (a)  R-P&VE-VAW-64-56 , "Final Mass Characteristics of the Saturn I, 
SA-6 Vehicle," April 21, 1964, (C) 

for  the Saturn I,  Block I1 (SA-6 and SA-7)," A p r i l  10, 1964, 
(b) R-AERO-AD-64-45 , "Static S tab i l i t y  and Drag Characteristics 

(U) 

1. The purpose of t h i s  memorandum i s  t o  present a revised predicted t r a -  
jectory for  SA-6. 
agreed t o  publish revised trajectory data which r e f l ec t  any changes of impor- 
tance t o  f l i gh t  evaluation. This revision is due t o  revised aerodynamic data 
presented i n  reference (b).  The unusual trends i n  these data a t  high Mach 
numbers (M > 5)  a re  due t o  laminar separation on the launch escape system and 
reattachment on the command module. 
removal of the separator from the LES. The mass charac te r i s t ics ,  as given 
i n  reference (a ) ,  were used for th i s  trajectory.  

I n  order t o  be t te r  evaluate vehicle systems, i t  has been 

S m a l l  changes below M = 5 were due t o  the 

2. The changes referred t o  i n  paragraph 1 resu l t  i n  a velocity increase 
of, approximately 25 m/sec a t  S - I  cut-off s ignal .  
a f t e r  the vehicle passes through the high dynamic pressure region. 
s tage  w i l l  cut off approximately 1.8 seconds sooner than predicted i n  NASA TM 
X-53031, due t o  the velocity increase of the S-I stage. 

The resu l t s  given i n  paragraph 2 a r e  not significant so f a r  as per- 

The velocity increase occurs 
The S-IV 

3. 
formance or guidance and control are concerned. The tilt program and guidance 
polynomial remain the same as given i n  NASA TM X-53031. 
cant difference i n  the inser t ion  a l t i tude  and path angle, even though the time 
is approximately 1.8 seconds ear l ie r .  

There is no s ign i f i -  

The o rb i t a l  elements are as follows: 

Altitude of Perigee 
Altitude of Apogee 
Semi-Ma jor  Axis 
Eccentricity 
Inclination 
Longitude of Ascending Node 
Argument.! of Perigee 
Period 

182.15 km 
229.90 km 

6,579.03 km 
.0036 
31.76 deg 

158.90 deg 
96.61 deg 
88.51 min 

Time of Apogee min 

LlsPC - Farm 488 (Augumt 1960) 



Subject: Addendum t o  Technical Memorandum X-53031, May 5 ,  1964 
"SA-6 Predicted Standard Trajectory and 
Dispersion Analysis ,'I April 6 ,  1964, ( C )  

4 .  A de ta i l ed  presentat ion of the predicted t r a j e c t o r y  parameters i s  
given i n  Tables 1A through 5C. 
denoted, i s  presented i n  f i v e  sect ions.  
( 2 )  S-IV s t age  u l l age  rocket operation a f t e r  separat ion but  p r io r  t o  main- 
s t age  i g n i t i o n ;  ( 3 )  s-IV mainstage operation; ( 4 )  s-I s t a g e  retro-rocket  
operation a f t e r  separat ion;  and ( 5 )  S - I  s t age  b a l l i s t i c  f l i g h t  t o  impact. 

The t r a j ec to ry ,  with s i g n i f i c a n t  t i m e  points- 
They a r e  (1) S-I s t a g e  boost f l i g h t ;  

5 .  The nominal booster impact  point i s  geodetic l a t i t u d e  (N) 
26.2535',  longitude (W) 72.6068' .  This e f f e c t i v e l y  s h i f t s  the dispers ion 
e l l i p s e s  involving booster ,  cameras, and LES down range by approximately 
21 km. 
analysis  a s  given i n  Range Safety Data Report #2-64 has not changed. 

The change i n  the turning ra tes  is less than 1% and t h e  probabi l i ty  

*&= 
loyd 0. Stone 

APPROVED: 

Director ,  trodynamics Laboratory 

10 Enc: 
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